
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=3phm20

Download by: [University of California, San Diego] Date: 29 June 2016, At: 13:29

Philosophical Magazine Series 3

ISSN: 1941-5966 (Print) 1941-5974 (Online) Journal homepage: http://www.tandfonline.com/loi/tphm14

XLVI. Notices respecting new books

To cite this article: (1848) XLVI. Notices respecting new books , Philosophical Magazine Series
3, 33:222, 296-309, DOI: 10.1080/14786444808646102

To link to this article:  http://dx.doi.org/10.1080/14786444808646102

Published online: 30 Apr 2009.

Submit your article to this journal 

Article views: 3

View related articles 

http://www.tandfonline.com/action/journalInformation?journalCode=3phm20
http://www.tandfonline.com/loi/tphm14
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/14786444808646102
http://dx.doi.org/10.1080/14786444808646102
http://www.tandfonline.com/action/authorSubmission?journalCode=3phm20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=3phm20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/14786444808646102
http://www.tandfonline.com/doi/mlt/10.1080/14786444808646102


£ 3 

X LVI. Notices resTecting New Books. 

Results of Astronomical Observations made during the years 1834, 
1835, 1836, 1837, 1838, at the Cape of Good Hope; being the 
Completion of a Telescopic Survey of the whole Surface of the visible 
Heavens, commenced in 1825. By Sir Jon~r F. W.  H~.RSCHEL, 
Bart., K.H., &c. &c. London: Smith, Elder and Co. 1847. (Fifth 
and concluding notice.) 

Chap. V. Observations of Halley's Comet, with Remarks on its phy- 
sical condition, and that of Comets in general. 

'~HE comet was first observed at the Royal Observatory at the 
Cape on the morning of the 1 st of September (1835), but it  was 

not before the 28th of October that Sir John Herschel obtained a 
view of it. About the end of March, previously, he had carefully but 
without success examined the places set down in M. Rumker's ephe- 
meris, and the whole adjacent region of the heaven; nor was he 
more fortunate when he resumed the search about the end of August, 
by sweeping over the places given in the Nautical Almanac for that 
year. On these occasions his efforts were uniformly baffled by a drift 
of light vapour hurried rapidly along by the south-east wind of the 
season, but constantly forming anew nearly over the spot to which 
the telescope was directed. At length,  despalring of success at home, 
and impatient of repeated disappointments, he dismounted the equa- 
torial telescope, and having constructed for it  a temporary stand, 
transported it to a station on tile Cape Flats, five or six miles to the 
eastward of Feldhausen, where he was sheltered by a range of low 
sand-hills from the violence of the wind, and freed by distance from 
the obstruction produced by the Table Mountain with its superposed 
mass of cloud. The instrument was erected about sunset on the 
28th of October, and before the termination of the twilight he had 
obtained an excellent view of the comet. 

The appearance of the comet in the 7-foot achromatic on this night 
was " t h a t  of a nebula very suddenly and highly condensed in the 
centre, to so great a degree indeed that I could not have ventured from 
this observation alone to have denied the existence of a solid nucleus. 
No phase, however, was perceptible on that central mass which might 
have been so regarded. Neither was any other remarkable pecu- 
liarity about the head, nucleus, or tail, noticed on this occasion." 
On the following evening, which proved very clear at Feldhausen, 
the 20-foot reflector, armed with an excellent mirror recently and 
brilliantly polished for the purpose, was brought to bear on the 
comet. " U n d e r  these circumstances its appearance was most sin- 
gular . . . . . .  Its nucleus, small, bright, and highly condensed, was 
shielded or capped on the side next the sun by a vivid but narrow 
crescent of nebulous light, the front of which presented an outline 
nearly circular, having an amplitude of somewhat more than 90 ° 
from horn to horn." Within this was the nucleus, the horns of the 
crescent extending a good way behind i t  on either side. " T h e  
nucleus was decidedly not planetary, and as decidedly exhibited no 
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Notices respecting New Books. 297 

phase. As the evening advanced, the exterior strata of the crescent 
- - t h e  coma and the tail which were before obliterated by the twilight 
- -became visible. The tail, however, was never very apparent." 
On the 30th, no observation was made at Feldhausen. On the 31st 
the general appearance of the comet was not materially different, but 
the crescent was less remarkable than on the 29th, and on the fol- 
lowing evening still less so. After this the comet was not again seen 
in the 20-foot reflector till its return from the sun after the peri- 
helion passage. 

After the passage the comet was first seen at the Cape on the 
25th of January, and from this time till the 5th of May it was very 
frequently observed. On its reappearance it offered to the naked 
eye " t h e  aspect of a star, a very little dim and hazy, but no tail was 
visible, neither was any seen in the night glass, in which its appear- 
ance was that of a highly condensed globular nebula. In the equa- 
torial it appeared as a bright, round, and very nearly uniform nebu- 
lous disc, little condensed towards the centre, but decidedly more 
sharply defined on the following than on the preceding side . . . .  No 
trace of a tail was observed in this instrument, but a considerable 
coma enveloped the disc, extending to nearly an equal distance on 
all sides." For some days trees prevented its being taken up by the 
great reflector; but from the time this instrument could be brought 
to bear on it, the observations assume an extraordinary interest. 
The following extract conveys a vivid impression of its general ap- 
pearance : ~  

"Viewed through the 20-foot reflector (which on this as on the 
former occasion I had taken care to provide with a mirror freshly 
polished and in the highest possible condition), the comet was now 
indeed a most singular and remarkable object. Certainly nothing 
could be more surprising than the total change which had taken place 
in its appearance since the observations of October. Not to speak 
of the extraordinary sharpness of termination of the head, especially 
towards the following side, for which I can find no comparison so apt 
as the ground glass of an Argand lamp, a new and perfectly unex- 
pected ph~enomenon had presented itself, a ph~enomenon, I believe, 
quite unique in the history of comets. Within the welt-defined 
head, and somewhat excentrically placed (being rather nearer to its 
northern than to its southern edge), was seen a vividly luminous 
nucleus, or rather an object which I know no better way to describe 
than by calling it a miniature comet having a nucleus, head, and tail 
of its own, perfectly distinct and considerably exceeding in intensity 
of light, the nebulous disc or envelope which I have above called the 
' head.' As the comet gained altitude, a minute bright point like 
u very small star, or rather like the nucleus of the nebula in Andro- 
meda, only smaller, came to be distinctly perceived. I t  is this point 
which I shall henceforward term the nucleus, and which, according 
to the state of the atmosphere at the time of the observation (and 
perhaps also that of the comet itself), was subsequently seen some- 
times more, sometimes less sharply concentrated, and s tel lar--but  
always of excessively minute dimension, certainly on no occasion 

Phil. Mag. S. 3. Vol.  83. No. 2 ~ .  Oct, 1848. X 
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298 Notices respecting New Books. 

subtending an angle of 4", and never quite so welI-defined as to give 
a positive assurance of the existence of a solid sphere--much less 
could any phase at any time be discerned on it. The whole was 
encircled with a strong coma which nearly filled the field of view 
(15/' diameter), dying away insensibly but rapidly at the edges. 
When the nucleus was brought to any part of the circumference of 
the field, the border of the coma fell little short of the centre. On 
the south preceding side, however, its extent was somewhat greater, 
projecting in that quarter into a feeble and irregular appendage, 
which might be regarded as a rudimentary tai l ."--P.  397. 

The changes which the comet underwent in its figure and dimen- 
sions, as also in respect of the relative degrees of illumination of its 
different parts, were extremely remarkable, and are of great import- 
ance in reference to the study of its physical constitution. On the 
25th of January some measures were taken with the equatorial. 
The diameter of the head in declination was found to be 237"'3 ; 
and upon the measure being repeated about two hours and a quarter 
after it was found to be 252"'0, or about 14"'7 greater. Such a 
difference in so short an interval of time, and in opposition to the 
tendency of the morning twilight, "seemed inconceivable, and threw 
a momentary doubt on the exactness of the earlier observation. 
That measure had, however, been taken and read off with all possible 
care, and in short nothing remained but the conclusion, that the 
change was real, and that the comet was actually increasing in dimen- 
sions with such rapidity that it might almost be said to be seen to grow ! 

" O n  the next night, the 26th, the increase of dimension of the 
comet was evident at the first glance. Its form, too, had undergone 
a change, being more elongated in proportion in the direction of its 
axis, and materially less definite in its posterior region . . . . . .  The 
coma had also undergone a great and remarkable change, not so 
much in dimension as in brightness ; being very much enfeebled . . . .  
The head or envelope had begun to assume an evident tendency to 
a paraboloidal form, the posterior portion being terminated, however, 
by an outline of an oval or nearly semicircular figure. The nucleus 
appeared as a star about the 1 l th  magnitude, not, however, sharp 
and sparkling like a true star, but furred and nebulous, so that, with 
its ray, it presented exactly the appearance of a miniature eomet~ 
having a head and tail of its own."--P.  399. 

On the 27th of January, the head or envelope, with its enclosed 
nucleus or ray, was still more dilated than on the preceding night, 
but the coma was grown extremely thin and faint. On the 28th 
the coma was all but gone, but there were long irregular nebulous 
tails in various directions. The nucleus was no longer a dim misty 
speck but a brilliant point. The observations of this night conclude 
with the following memorandum : - - "  so ended a most memorable 
night. I can hardly doubt that the comet was fairly evaporated in 
perihelio by the heat, and resolved into transparent vapour, and is 
now in process of rapid condensation and re-precipitation on the 
nucleus." 

The 29th and 30lh proved cloudy. On the ~lst the comet was 
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so much dilated as to more than fill the field of view in length, and 
nearly so in breadth, of the great reflector. Every trace of eoma 
had disappeared. " T h e  clear parabolie outline of the head was seen 
free from any mistiness or vaporous appearance, in its full beauty ; 
and certainly a more delicately formed and soft, yet well-defined, 
outline than it presented on this night could not be imagined . . . . . .  
All idea of vagueness or confusion connected with an ill-defined and 
fluctuating eoma being now absent, an impression of regularity of 
structure, and of precise and definite laws obeyed in its constitution, 
was no less strongly conveyed by this view of it, than by that of the 
body of Jupiter or Saturn. From this time may be dated the com- 
mencement of the development of the true tail . . . . .  The coma from 
this time appeared no more, but in the progress of the comet towards 
its final extinction the semblance of a new coma arose from the dila- 
tation of the mass of internal light immediately surrounding the 
nucleus, after the final dissipation of the envelope, and which, from 
being at first a subordinate and inconspicuous part of the ph~eno- 
menon, became by degrees a leading feature, and at last may be said 
to have constituted the whole visible comet, the infinitely minute 
and hardly perceptible nucleus excepted."--P. 401. 

With respect to the small density of the comet, as indicated by 
its almost inappreciable effect in extinguishing the ligilt of small stars 
seen through it, we have the following remark : - - "  I may here men- 
tion, once for all, that among the innumerable stars of all magnitudes, 
from the ninth downwards, which at various times were seen through 
it, and some extremely near to the nucleus (though none exactly on 
it), there never appeared the least ground for presuming any extinc- 
tion of their light in traversing it. Very minute stars, indeed, 
on entering its brighter portions, were obliterated, as they would 
have been by an equal illumination of the field of view ; but stars 
which before their entry appeared bright enough to bear that illumi- 
nation, were in no case, so far as I could judge, affected to a greater 
extent than they would have been by so much lamp-tight artificially 
introduced." 

From the 1st to the l l t h  of February the observations with the 
reflector were suspended by reason of the moon approaching and 
passing the place of the comet. On the latter day the comet was a 
superb object, but grown much too great for the grasp of the tele- 
scope with its ordinary sweeping power. The nucleus was then the 
most conspicuous part. On the 17th it was " d~ated to a vast size 
and no longer sharply defined, but yet the outline well made out, 
the nucleus pretty sharp, all but stellar, and much brighter than ever 
seen before, but the interior cometic tail hardly perceptibly brighter 
than the general tail. On the 19th the nucleus and its coma very 
bright and highly condensed. The parabolic envelope hardly to be 
made out, and evidently distorted . . . . .  From this time forward the 
envelope continued still to dilate, being, however, worse defined and 
fainter, till at length, on the 18th of March, all trace of a visible out- 
line had disappeared."--P. 402. 

The last recorded observation of the comet was made on the 5th 
X g  
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of May, on which day it was still visible, though with great difficulty, 
in the equatorial. Cloudy nights prevented further operations till 
the l l t h ,  when the comet was searched for but not found. On the 
12th another attempt was made, and a faint object was discovered 
which was supposed to be the comet, and consequently prevented 
further search ; but on the next night the object was again seen in the 
same precise situation, and proved to be a small nebula not previously 
known. '" Clouds prevented all further search on that and several 
subsequent nights, and when at length the weather became favour- 
able, no trace of the comet could be found after a long and perse- 
vering search. Thus," says Sir John, " b y  a most inopportune dis- 
eovery of a nebula, otherwise interesting enough, I found myself 
deprived of the opportunity I should doubtless have otherwise en- 
joyed, of accompanying this remote denizen of our system a few 
steps further on its journey."--P.  398. 

After describing the successive appearances presented by the comet 
(of which he has given a series of beautiful drawings), Sir John 
proceeds to make some observations on its physical state as indicated 
by the changes it underwent. " F o u r  things," he remarks, " in  the 
post-perihelion history of this comet are especially remarkable : ~ l s t ,  
the astonishingly rapid dilatation of the visible dimensions ; 2nd, the 
preservation of the same geometrical form of the dilated and dilating 
envelope ; 3rd, the rapid disappearance of the coma ; and, lastly, the 
increase in density and relative brightness of the nucleus." With  
respect to the first of these, a synoptic table is given of the measures 
of its several parts, taken from January 25 to February 11, upon 
which he remarks, "The  only element in these measurements which 
is sufficiently definite and comparable throughout the series and at 
the same time little affected by the unequal lights of the telescope 
used, is the distance of the nucleus from the vertex of the parabo. 
loid." Calculating from this element, a series of values was found of 
" t h e  apparent and real bulk of that definite segment of the parabo- 
loid which may be conceived cut off at its vertex by a plane at right 
angles to its axis passing through its nucleus." The real volumes 
were as follows : -  

Jan. 25 1"000 Jan. 28 5"179 Feb. 1 12"242 
.,. 26 1"789 ... 30 9"314 ... 2 16"953 
... 27 4"089 ... 31 10'672 ... 4 22"343 

... 12 74"303 
From this it  appears that the definite segment in question had 

actually enlarged to seventy-four times its original bulk in the in- 
terval of seventeen days between the extreme observations. The 
total volume, however, of the whole visible paraboloid had increased 
in a much greater proportion. By comparison of the different mea- 
surements, it  was found that the apparent linear dilatation of the 
envelope was nearly uniform, and at the rate of 21 't a day on the 
vertical distance. Calculating backwards on this hypothesis, the 
singular conclusion is obtained that " o n  the 21st of January at O h 
10 m P.ra." the envelope had no magnitude; that in short at that moment 
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a most important physical change commenced in the comet's state. 
Previous to that instant it must have consisted of a mere nucleus, a 
stellar point more or less bright, and a coma more or less dense and 
extensive. At  that instant the formation of the envelope commenced, 
and continued in the manner and at the rate above described. The 
Ray, or internal comet, no doubt, also commenced its existence at 
the same instant." This result was corroborated by an observation 
made at Breslau by Prof. Boguslawski, who on the 22nd of January 
observed the comet, as a star of the 6th magnitude, a bright concen- 
trated point which showed no disc with a magnifying power of 140. 

Sir John next proceeds to examine the hypotheses respecting the 
physical constitution of the comet which the ph~enomena render 
probable. He observes, " I t  will not be necessary to enter into any 
calculation of the comet's distance from the sun at the moment of 
these observations to warrant our rejection of an hypothesis such as 
that of M. Valz, which makes the volume depend directly on the 
distance. Undoubtedly its recess from the sun is ultimately, but 
indirectly, the cause of the observed increase. The question is only 
as to the modus operandi. The perihelion passage, it will be borne 
in mind, took place on the 15th of November, and it was not there- 
fore tin the 83rd day after that event that the formation of the enve- 
lope commenced. Now during these 83 days it is certain that a 
process of refrigeration had been going on . . . . .  The surface of the 
nucleus must be supposed to have cooled down, at this precise epoch, 
to the dew-polnt . . . .  At this instant, therefore, must have commenced 
the formation of a mist, first precisely in contact with the radiating 
surface, and bydegreesmore orless rapid ascending aboveit, and limited 
by a definite upper surface, the seat of a fresh process of radiation. 
As this superior vapourplane attains a higher and higher level, corre- 
sponding to a less and less actual density both of the atmosphere and 
vapour, its surface, without losing its geometrical form, necessarily 
becomes less and less visible and conspicuous . . . . .  It is this su- 
perior wtpour plane which constitutes, in our conception of the mat- 
ter, the visible surface of the envelope." 

In reference to the form of the envelope, he says, " I f  the conden- 
sible vapour were everywhere distributed spherically around the 
nucleus, so as to have equal density at equal distances, the form of 
the envelope would necessarily be spherical, because on account of 
the exceeding tenuity of the cometic atmosphere, its posterior por- 
tion is in no way shaded by its anterior, but every part, interior and 
exterior, equally exposed to the sun's rays, or very nearly so. That 
the form is in fact not spherical, but paraboloidal, or very eccentrically 
elliptic, instructs us in an important and truly wonderful fact, viz. 
that the surfaces of  equilibrium of the vapour in its transparent state 
are so ; that, in fact, although not seen the envelope existed as atrans- 
parent atmosphere--a tail in posse, though not to our eyes in esse, 
and of its full extent, prior to the epoch of its comweneing visibility, 
and probably prior to the parhelion passage." 

He next proceeds to inquire by what forces it is possible that such a 
form of equilibrium can be maintained, and remarks that the laws of 
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gravitation, as at present recognised, are altogether insufficient to ac- 
count for it. "Such  a form, as one of equilibrium, is inconceivable 
without the admission of repulsive as well as of attractive forces. 
But, if we admit the matter of the tail to be at once repelled by the 
sun, and attracted by the nucleus, it no longer presents any diffi- 
culty." 

After some further remarks in corroboration of this view, and 
citing the opinions of Newton and Kepler, he adds--"  Supposing 
the approach of a comet to the sun to be such as to enable the re- 
pulsive force to overcome the attractive in those portions of its tail 
remote from the nucleus, they would, of course, be driven off irreco- 
verably. But what would now be the state of the remaining mass ? 
Inertia and repulsion have been subtracted ; of course, what is left 
has become pro quantltate materiae, on both accounts more attractively 
disposed as a whole; the dimensions of the orbit must therefore 
contract. The periodic time will diminish. We have here presented 
to us a series of consequences, identical in some of their leading 
features with those which, observed in the case of Encke's comet, 
have been attributed to resistance of the rather. Pursued into all 
their consequences no doubt the two explanations diverge . . . .  But 
it may be doubted whether observation of a body so ill.defined is yet 
precise enough to decide between them."--P.  410. 

We can only make room for two further extracts : ~  
" The preservation of the geometrical form of the envelope of our 

comet is undoubtedly indicative of a high degree of tranquillity, the 
definite action of perfectly regular forces, and at least a near approach 
to a state of equilibrium in the strata of which the mass consists. It  
proves also, if taken in conjunction with what has been said respect- 
ing its apparent dilatatien, similarity of external and internal strata, 
precisely such as the Iaws of equilibrium would lead us to expect in 
an elastic fluid mass subjected to such forces. 

" The rapid disappearance of the coma would seem to be referable 
neither to dissipation nor absorption into the head, but rather to its 
being swept off into the tail by the sun's action, and there deposited 
as part thereof . . . . .  The ray or tail of the nucleus is also a highly 
instructive ph~enomenon. As the envelope dilated and grew fainter, 
this, on the contrary, while also dilating at the same rate, grew more 
intense up to the 1st of February, after which time it faded, while 
the nucleus with its coma rapidly increased in comparative bright- 
ness. It seems hardly possible not to recognise in these changes the 
effect of the gradual deposition of the matter of the envelope; 
choosing the line of its axis as the course of the deposited particles 
in their progress to rejoin the nucleus."--P.  411. 

From the above extracts the reader will be enabled to form an 
opinion of the manner in which this very interesting portion of the 
work is treated. At the next return of the comet, it will be regarded 
as a fortunate event for astronomy that the time of Sir John Her- 
schel's sojourn at the Cape embraced that of its last appearance, and 
that the most powerful optical means then in existence, in the hands 
of the first astronomer and philosopher of the age, were applied to the 
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observation of ph~enomena so interesting in themselves, and so im- 
portant in reference to the fight which they throw on the constitution 
of the solar system. 

Chap. VI. Observations of the Satellites of Saturn. 
"Dur ing  the years 1835, 1836 and 1837, the ring of Saturn and 

the orbits of the satellites were sufficiently open to permit the accu- 
mulation of a considerably extensive series of their angles of position 
with the meridian, or with the longer axis of the ring, so disposed 
as to be available towards the more exact determination of their 
orbits ; of which little is known with the exception of that of the 
sixth, which is the largest and most easily observable, and whose 
elements and perturbations have been made the subject of elaborate 
investigation by Bessel." The author therefore considers that his 
observations of those bodies, " though confessedly imperfect, owing 
to their extreme faintness in the equatorial, and the difficulty of ob- 
taining any measures at all of position with the 20-foot reflector out 
of the meridian, may not be wholly without interest as a contribu- 
tion to their theory." 

The number of known satellites belonging to Saturn is seven,--  
of which one was discovered by Huygens, four by D. Cassini, and 
the remaining two by Sir William Herschel. The two last are ex- 
tremely small and faint ; and so long was i t  before the observations 
of the discoverer were confirmed, that some astronomers began ever 
to entertain doubts of their existence. Such, indeed, is their extreme 
minuteness, that it  is only under the most favourable circumstances, 
and with telescopes of extraordinary power, that they can be per- 
ceived. The three which are most remote from the planet may be 
seen with telescopes of moderate power. "Measures of the fourth 
satellite could rarely be procured so as to be in any degree satisfac- 
tory with the equatorial--of the third, never . . . . .  As to the two in- 
terior satellites, it  is needless to state that  no glimpse of either of 
them was ever obtained with this instrument." In fact, the one 
nearest the planet was only observed once in the 20-foot reflector. 

The satellites of Saturn had hitherto been distinguished merely by 
the ordinal numbers, first, second, third, and so on; and it is the 
usual, though not uniform practice, to begin with the satellite near- 
est the central body and reckon outwards. But the discovery of 
the two interior satellites necessarily deranged the nomenclature, the 
one which had been previously reckoned the first now becoming the 
third. Some astronomers have also adopted the contrary order, and 
begun the numeration with the most remote satellite. Sir John 
states, that having found the equivoque practically annoying, and a 
source of frequent error and mistake, he had recourse to the practice 
of distinguishing them by individual names, adopting a mythological 
nomenclature, which, however, he does not "pre tend to recommend 
to others, though persuaded that some nomenclature other than the 
equivocal one in actual use will be found necessary by all who ob- 
serve these bodies." The names which he selected are the following, 
beginning with the most remote, and proceeding downwards in order: 
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Iapetus, Titan, Rhea, Dione, Tethys, Enceladus, Mimas. The 
reasons for the selection are set forth in a note which we transcribe 
at length. 

" As Saturn devoured his children, his family could not be assem- 
bled round him, so that the choice lay among his brothers and sisters, 
the Titans and Titanesses. The name Iapetus seemed indicated by 
the obscurity and remoteness of the exterior satellite, Titan by the 
superior size of the Huygenian, while the three female appellatives 
class together the three intermediate Cassinian satellites. The mi- 
nute interior ones seemed appropriately characterized by a return to 
male appellatives, chosen from a younger and inferior (though still 
superhuman) brood. Should an eighth satellite exist, the confusion 
of the old nomenclature will become quite intolerable. I am not 
aware that a distant satellite of Jupiter (analogous to Iapetus and 
our moon) has ever been looked for. Would it not be worth a 
search ? * " - - P .  415. 

The contents of the present chapter may be briefly described. The 
author first gives some explanations respecting the mode in which 
the observations were made. A table follows, exhibiting a synopsis 
of all the measured (and some of the estimated) angles of position of 
the satellites as taken both with the equatorial and reflector. In 
order to render the observations available for the purpose of affording 
epochs by which to correct the received periodic times, the observed 
angles of position must be converted into Saturnicentrie longitudes. 
Formulm and elements for this purpose are given ; but as the use of 
the elements supposes the orbits of the satellites to be coincident 
with the plane of the ring, they are not applicable to the reduction 
of the observations of Iapetus, the orbit of which deviates from that 
plane very considerably. Of Mimas, there being only a single ob- 
servation, no conclusion could be deduced respecting the orbit. In 
respect of the remaining five satellites, tables are given exhibiting 
the Saturnicentric longitudes from the descending node of the ring, 
calculated from the dlements and formulm above referred to for each 
of the times of observation, and for each satellite drawn out seriatim. 
These observedlongitudes are then compared with the corresponding 
mean longitudes, calculated from certain assumed epochs of longitude 
and mean motions, and the differences given. In most cases, where 
the differences are considerable, the observations were found to have 
been recorded as doubtful or unsatisfactory, and some of them are 
therefore rejected. In order to deduce elements, the observations 
were treated by a method of graphical projection, and the results 
gave values of the eccentricity, the equation of centre, the perisatur- 
nium, and correction of epochs for four of the satellites, viz. Titan, 
Rhea, Dione, Tethys. For Enceladus the correction of the epoch 
only was obtained. 

• It may not be out of place to remind the astronomical reader that 
mythological names were long ago proposed for the satellites of Jupiter by 
Simon Marius--the same who disputed with Galileo the honour of their 
discovery. The names proposed by Marius were those of Jupiter's cup- 
bearers--Io~ Europa, Gangmede and Uallisto. 
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For the determination of the mean distanees or major semiaxes of 
the orbits, measures at or near the greatest elongations can only be 
advantageously employed. In the course of the observations a good 
many measures of distance were taken ; but  by reason of the want 
of symmetry of the upper and lower portions of the outline of the 
visible part of the planet, which renders it extremely difficult to fix 
upon the position of the apparent centre, they were found (excepting 
in situations very near the line of the ans~e) not only to present dis- 
cordances among themselves, but to be affected by a general cause 
of error. The measures of distance are therefore made use of in the 
ease of Titan only, and the resulting value of the semiaxis of the 
orbit is A----1770"53. 

The author states that he had no confidence in any of the distances 
of Rhea measured with the equatorial micrometer, the faintness of 
the object not permitting it to be satisfactorily covered with the wire. 
They are accordingly not stated. In the case of Iapetus there was 
less difficulty; and though the measures were not numerous, and 
were for the most part taken merely for the purpose of identifying 
the satellite, it was thought they might be usefully recorded. One 
of them appears to have been an observation of the greatest elonga- 
tion, and amounted to 553"'93, which, reduced to the mean distance 
of Saturn, corresponds to a radius vector of 8 r 38/r'07. Considering 
that we have no knowledge of the eccentricity of the orbit, this agrees 
sufficiently well with the mean elongation (8 p 34"'8) calculated from 
the distance of Titan by comparison of their mean motions. 

Chap. VII. Observations of the Solar Spots. 
" A t  the latfer end of 1836, and during the first half of 1837, the 

spots on the surface of the sun were extremely remarkable, not only 
for their number and size, but also in their arrangement and forms. 
In consequence, during the interval above-mentioned, a great number 
of drawings were made of the sun's disc by projecting the image 
formed in the focus of an achromatic finder attached to the equatorial, 
for which, after a few trials, a perspective day telescope of 20 inches 
focus, and 1"4 inch aperture, was substituted as more convenient. 
The image was received on paper pinned on a screen of wood, and 
traced with pencil with one hand, the other managing the right 
ascension handle so as to keep the preceding limb of the sun on a 
fiducial line, previously drawn on the paper, and the centre of some 
small and well-defined spot on a fiducial dot. When the fight 
ascension motion was alloyeed to rest, the linage of this spot of course 
travelled away from the dot, and after allowing it to do so till near 
the edge of the paper, another dot was made, markingits newplace, 
and these two dots being joined by a straight line, gave the direction 
of the diurnal parallel on the paper. The minuter details necessary 
to effect a complete resemblance of the projection to the actual ap- 
pearance of the spots, with their penumbras, &c., were then worked 
in with the aid of the telescope, by hand, as an eye-draft; as well 
as magnified representations of remarkable spots, facul~e, and other 
particulars." 
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The above description may be found useful to some who are de- 
sirous of making projections of tho solar spots. Sir John states that 
he did not consider it worth while to engrave and publish all the 
drawings made by him, but he gives a list of the days on which they 
were made, " i n  case it should ever be considered necessary to appeal 
to any of them as records of the state of the sun's surface at that 
time ;" and he observes, it is much to be wished that all who habi- 
tually make such drawings would at least place the days for which 
they possess them on record, in order that it may be rendered possible 
to ascertain the state of the sun by actual observation on any given 
day. 

After giving some further particulars respecting the mode of deli- 
neating the spots, he calls attention to the following points shown 
by the drawings as characteristic or remarkable : - - l s t ,  to certain 
forms frequently reproduced on the sun's surface; 2ndly, to the 
remarkable radiated or striated apparent structure of the penumbra 
in certain cases ; 3rdly, to the total absence of all penumbra in some 
spots ; 4thly, to the occurrence of distinct shades in certain parts of 
some penumbrae ; and lastly, to the immense area occupied by some 
of the spots with their penumbrm represented in the drawings. As 
instances of enormous magnitude, he mentions that the spot observed 
on March 29 occupies an area of nearly five square minutes ; and as 
a square minute on the sun corresponds to 756,000,000 square miles, 
'" we have here an area of 8,780,000,000 square miles included in 
one vast region of disturbance, and this requires to be increased for 
the effect of foreshortening. The black spot of May 25 would have 
allowed the globe of the earth to drop through it, leaving a thousand 
miles clear of contact on all sides of that tremendous gulph."--P.  432. 

He next proceeds to consider a question which may be regarded 
as the most interesting which can be proposed in connexion with the 
subject, namely, " to  inquire for an efficient cause--for a vls motrig 
~ t o  give rise to such enormous dynamical pha~nomena, for such 
they undoubtedly a re ; "  and after remarking that the cause of the 
movements which we observe must reside within the sun itself, and 
must be there sought for, he thus continues : - -  

"Whatever  may be the physical cause of the spots, one thing is 
certain, that they have an intimate connexion with the rotation of 
the sun on its axis. The absence of spots in the polar regions of 
the sun, and their confinement to two zones extending to about 35 ° 
latitude on either side, with an intermediate equatorial belt much 
more rarely visited by spots, is a fact notorious in their history, and 
which at once refers their cause to fluid circulations, modified, if not 
produced, by that rotation, by reasoning of the very same kind 
whereby we connect our own system of trade and anti-trade winds 
with the earth's rotation. Having given any exciting cause for the 
circulation of atmospheric fluids from the poles to the equator, and 
back again, or vice versd, the effect of rotation will necessarily be 
to modify those currents as our trade-winds and monsoons are mo- 
dified, and to dispose all their meteorological ph~enomena on a great 
scale which accompany them a~ their visible manifestations in zones 
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parallel to the equator, with a calm equatorial zone interposed. I t  
only remains, therefore, to inquire, Whether any such cause of cir- 
culation can be found in the ceconomy of the sun, so far as we know 
and can understand it ?" 

In answer to this inquiry he observes, that  if any physical differ- 
ence in the constitution or eireumferences of the sun's polar and 
equatorial regions tends to repress the escape of heat in the one, and 
to favour it in the other of these regions, the effect will be the same 
as if those regions were unequally heated from without, and all the 
phmnomena of trade-winds, mutatis mutandis, must arise. That the 
sun is surrounded by a transparent atmosphere, extending beyond 
its luminous surface, Sir John holds to be conclusively established 
by various ph~enomena, and he instances in particular the striking 
deficiency of light at the borders of the visible disc, and the extra- 
ordinary ph~enomenon of the rose-eoloured clouds witnessed during 
the total eclipse of July 8, 1842, which must have floated in and 
been sustained by an exterior transparent atmosphere. He also 
thinks that the distance to which this atmosphere extends beyond 
the visible disc must be considerable, not merely in absolute measure, 
but as an aliquot part of the sun's radius. " Now, granting the ex- 
istence of such an atmosphere, its form in obedience to the laws of 
equilibrium must be that of an oblate spheroid, the ellipticities of 
whose strata differ from each other and from that of the nucleus. 
Consequently, the equatorial portions of this envelope must be of a 
thickness different from that of the polar, density for  density, so that 
a different obstacle must be thereby opposed to the escape of heat 
from the equatorial and the polar regions of the sun. The former, 
therefore, ought, according to this reasoning, to be habitually main- 
tained at a different temperature from the latter." 

According to this view of the subject, the spots come to be "' assi- 
milated to those regions on the earth's surface in which, for the 
moment, hurricanes and tornadoes prevail-- the upper stratum being 
temporarily carried downwards, displacing by its impetus the two 
strata of luminous matter beneath, . . . . the upper of course to a 
greater extent than the lower, and thus wholly or partially denuding 
the opaque surface of the sun below. Such processes cannot be 
unaccompanied with vortieose motions, which, left to themselves, die 
away by degrees and dissipate, with this peculiarity, that~ their lower 
portions come to rest more speedily than their upper, by reason of 
the greater resistance below, as well as tile remoteness from the point 
of action, which lies in a higher region, so that their centre (as seen 
in our water-spouts, which are nothing but small tornadoes) ap- 
pears to retregt upwards. Now this agrees perfectly with what is 
observed during the obliteration of the solar spots, which appear as 
if filled in by the collapse of their sides, the penumbra dosing in 
upon the spot and disappearing after i t . " - -P .  484. 

Some appearances which were frequently noticed in the course of 
these observations might seem at first sight to militate against this 
idea. Lines of spots of more or less extent, or connected with pe- 
numbral trains more or less beset with spots, were frequently noticed 
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oblique to the direction of the parallels of latitude on the sun's sur- 
face, and converging on both sides of the equator to the preceding 
side of the dist.  Penumbrae of great spots also were sometimes 
observed to be rounded and well-terminated on the preceding side, 
but rugged and extensively diffused on the following, where they 
would often take the form of great trains, and ultimately affect the 
form of pretty long, straight parallel bands, having the same obli- 
quity to the parallels of latitude as the lines and spots above-men- 
tioned. Sir John is of opinion that these bands and lines, having a 
transverse direction to the course of the currents which the dyna- 
mical theory supposes, " must be assimilated rather to ripple-marks 
which are transverse to the direction of the general movement in 
which they have their origin than to trails drawn out by a current 
in its own direction, if indeed the appearances in question be any- 
thing more than accidental." 

A very remarkable character of the solar spots is the intense 
blackness of the spot "nucleus," o r "  opening," as it has been termed, 
as contrasted with the penumbra or " shallow " surrounding it. 
"Th i s  want of graduationPthis  sharply marked suddenness of trans- 
ition, is altogether opposed to the conception of a susceptibility of 
indefinite and easy mixture in the luminous, non-luminous, and 
semi-luminous constituents of the solar envelope . . . . .  There is no 
gradual melting of the one shade into the other--spot  into penumbra 
- -penumbra  into full light. The idea conveyed is more that of the 
successive withdrawal of veils,--the partial removal of definite films, 
than the melting away of a mist, or the mutual dilution of gaseous 
media. Films of immiscible liquids having a certain cohesion, float- 
ing on a dark or transparent ocean and liable to temporary removal 
by winds, would rather seem suggested by the general tenour of the 
appearances, though they are far from being wholly explicable by 
this conception, at least if any considerable degree of transparency 
be allowed to the luminous mat te r . " - -P .  436. 

The chapter concludes with the remark, that during the months 
embraced by the observations the state of the sun seemed evidently 
undergoing a gradual alteration in the nature of a subsidence from 
violent agitation to comparative tranquillity. 

There are five appendices to the work, the contents of which are 
as follows : - -  

A. " On the numerical magnitudes of certain stars, as obtained by 
subsequent observation on the principle of sequences, in the northern 
hemisphere, compared and combined with the same stars as observed 
in the southern; and of some others whose places in the scale of 
magnitudes are directly deducible from these by interpolation of tbe 
sequences." 

B. " O n  the difference of level between the Royal Observatory, 
Cape of Good Hope, and Feldhausen." The result is 112"23 feet 
for the difference of level between the cisterns of the barometers, that 
at Feldhausen being the higher. 

C. " On the temperature required by the surface-soil under ex- 
posure to clear sunshine, and some other effects of accumulated 
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radiation ; and on the quantity of heat given out by the sun. Sug- 
gestion of an improvement on the ice calorimeter." 

D. "Approximate places of seventy-six ruby-eoloured, insulated 
stars, noticed in the course of observation, in either hemisphere." 

E. " Geodesieal determination of the site of the 20-foot reflector 
at Feldhausen, with respect to the Royal Observatory at the Cape 
of Good Hope." The co-ordinates of the site were ascertained to 
be 17,595 feet in the direction of the meridian to the south, and 
5190 feet in that of a parallel to the west, from the centre of transit 
instrument at the Observatory, corresponding to 21 53"'55 of latitude 
and 4 ~" 1 l of longitude. 

I t  would be unpardonable to conclude our long extracts without 
transcribing the sentence with which the author closes his laborious 
undertaking. "The record of its site (i. e. of the great reflector) 
is preserved on the spot by a granite column erected after our de- 
parture by the kindness of friends, to whom, as to the locality itself, 
and the colony, every member of my family had become, and will 
remain, attached by a thousand grateful and pleasing recollections 
of years spent in  agreeable society, cheerful occupation, and unal- 
loyed happiness." 

X L V I I .  Proceedings of Learned Societies. 

C A M B R I D G E  P H I L O S O P H I C A L  SOCIETY,  

[Continued fi'om vo]. xxxii, p. 144.] 

Dec. 6,~"~N the Critical Values of the sums of Periodic Series. 
1847. v By G. G. Stokes, M.A., Fellow of Pembroke College, 

Cambridge. 
There are a great many problems in heat, fluid motion, &e., the 

solution of which requires the development of an arbitrary function 
of x,f(x), between certain limits as o and a of x, by means of func- 
tions of known form. The form of the expansion is determined, at 
least in part, by the conditions to be satisfied at the limits ; and it 
is usually considered that these conditions are satisfied by adopting 
the form of expansion to which they lead. Thus, if the problem 
requires tha t f (o)  andf (a )  vanish, it is considered that this condition 

is satisfied by developingf(x) in a series of sines of ~ and its mul- 
g 

tiples. But since an arbitrary function admits of expansion in such 
a series, the expanded function is not restricted to vanish at the 
limits o and a. I t  becomes then a question, how shall we know 
when the expanded function does really vanish at the limits, and if 
it  does not, how are such expansions to be treated, and are they of 
any practical importance ? 

In considering the logic of such developments, the author was led 
to perceive in what manner the evanescence off(x)  at the limits can 
be ascertained, or else the values off(o) andf (a )  obtained, from the 
development itself, even when the series cannot be summed, by ex- 
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